Background
Re-incorporation of teeth with previous endodontic treatment and excessive substance loss may be possible using posts inserted into the root canal, which assist retention of the restoration [1] [2] [3] . Debridement during root canal treatment is mandatory and is a major element of endodontic success [4] [5] [6] [7] [8] [9] . Lasers can be used to produce dentin surfaces suitable for bonding of adhesive resin cement. An erbium-doped yttrium aluminum garnet (Er: YAG) laser can be used to cleanse, shape, and widen the root canal. In this regard, photon-induced photoacoustic streaming (PIPS), in conjunction with an Er: YAG laser, represents a revolutionary method to cleanse, disinfect, and shape the root canal system. PIPS obviates the need for excessive widening of the root canal, which can weaken the tooth structure. PIPS allows a minimally invasive procedure and protects the hard tooth tissues [10] [11] [12] [13] [14] . Glass-fiber post can be used to strengthen and lengthen the root. Prefabricated post and resin cement is a viable technique for weakened endodontically treated roots [15] [16] [17] [18] .
In the current study, the effect on the bonding strengths of glass-fiber posts with different surface treatments in post spaces roughened by an Er: YAG laser was examined. In addition, the bonding strengths of prefabricated glass-fiber posts exposed to surface treatments in teeth with excessive substance loss were compared, and the effect of laser treatment of the root canal surface on bond strength was investigated.
Material and Methods
In total, 90 single-rooted and single-canaled teeth freshly extracted due to a medical indication were used. Teeth with caries, fissures, restoration, dilacerations, or open apices were excluded. To standardize the root canal lengths, the corona was cut perpendicular to the long axis of the tooth using a diamond blade (ZumSeparieren, Germany) under water cooling to achieve a root length of 14 mm. The endodontic access cavities were prepared using a round drill (Horico, Berlin, Germany). Root canal preparation was carried out by the crown-down technique using an endo-motor (Endo Mate TC2, NSK, Japan) and Ni-Ti files (S1-S2-F1-F2, F3; ProTaper Universal, Dentsply DeTrey, Konstanz, Germany), so that the length of the examined portion was 0.5 mm shorter than the apical foramen. After each file change, the root canal was rinsed with physiological saline using an injector. The canal was cleansed with 0.5% NaOCl for 1 min and rinsed with distilled water.
All canals undergoing expansion were detracted using the drill of the post system (Snowfiber post-drill, size 1.0) with an interval of approximately 4 mm at the tooth apex, and a post space of 10 mm was prepared. The prepared root canals were assigned to the following 9 groups (n=10 each): Group 1: A flexible fiber tip of 300 μm thickness was used to apply the Er: YAG laser (Fotona Laser AT Fidelis Plus III, Fotona DD, Ljubljana, Slovenia) to the root canals. In accordance with the manufacturer's instructions, an energy level of 15 Hz/40 MJ was applied to the root surface at a wavelength of 2.940 µm. The output power of the laser was 0.6 W. The fiber tip was placed parallel to the surface in the coronal third of the root. NaOCl solution (0.5%) was introduced into the canal using an injector. The fiber tip (a special tip for R13 root canal irrigation) was applied to the root surface for 2-3 s without water-spraying or physical contact, and a 1-min interval was allowed. Then, the fiber tip was applied to the root surface for 30 s under a water spray. The canal was dried using a paper point. No surface treatment was performed on the glass-fiber post surface (Snowpost; Carbotech, Ganges, France).
Group 2:
Prior to surface treatment, posts were transferred to 95% ethanol for 20 s, rinsed with water, and dried. Next, Al 2 O 3 particles (CoJet; 3M ESPE, Seefeld, Germany) 30 µm in diameter were applied to the Snowpost surface at a pressure of 2.8 bars for 20 s. The Snowposts were covered with Al 2 O 3 particles overspread with silica, and silane was applied to the post surface using a brush (ESPE Sil; 3M ESPE) and dried for 5 min.
No laser was applied to the root surfaces.
Group 3:
The laser was applied to the root canals as in Group 1, and Cojet was applied to the surface of the Snowposts as in Group 2.
Group 4:
The laser was applied to the root canals as in Group 1, and Clearfil Ceramic Primer (Kuraray Medical, Okayama, Japan) was applied to the Snowpost surface and dried for 5 min.
Group 5:
No laser was applied to the root canals, and Clearfil Ceramic Primer silane coupling was applied to the Snowpost surface as in Group 4.
Group 6:
HF acid was applied to the Snowpost surface for 60 s, followed by neutralization by rinsing with distilled water and drying. After acid-etching with HF, Clearfil Ceramic Primer silane coupling was applied to the glass post surface and dried for 5 min. The laser was applied to the root canals as in Group 1.
Group 7:
HF acid was applied to the post surface as in Group 6, and no laser was applied to the root canals.
Group 8:
The laser was applied to the root canals as in Group 1. Post surfaces were sanded using Korox 50 (Bego, Germany) for 15 s at a pressure of 3 bars and a distance of 10 mm at Gaziantep Ata Dental Laboratory. Following cleansing with an air spray, Clearfil Ceramic Primer silane coupling was applied to the post surfaces.
Group 9:
The post surfaces were sanded using Korox 50, and no laser was applied to the root canals.
In all groups, Clearfil SA (Kuraray Medical, Tokyo, Japan) cement was applied to post spaces using a special endodontic tip. Posts were calibrated using mild digital pressure, and were carefully placed in the post space, irrespective of the presence of surface treatment. Thus, excess cement was allowed to pour out. While the digital pressure was maintained, the resin cement was polymerized using a light-emitting diode (LED; L.E. Demetron I/Kerr Corporation, Orange, CA, USA) beam device for 40 s. The samples were incubated in distilled water at 37°C for 24 h.
Eight teeth per group were subjected to push-out bonding strength testing, and 2 teeth per group were stored for scanning electron microscopy analysis. Teeth were embedded in methacrylate resin molds. Six cross-sections were obtained from each acrylic block using a slow rotating cut-off machine (Minitom; Struers, Copenhagen, Denmark) under distilled water cooling, yielding a total of 48 cross-sections per group with an approximate thickness of 1 mm. The first 2 cross-sections were obtained from the coronal segment of the post space, the next 2 from the middle, and the last 2 from the apical segment.
Push-out tests at a rate of 0.5 mm/min in the apical to coronal direction were carried out using a universal testing device at Ankara University Faculty of Dentistry Laboratory (Lloyd LR 50K; Lloyd Instruments plc, Fareham, Hampshire, UK) (Figure 1 ). The maximum tensile strength was determined in newtons (N), converted to megapascals (MPa) after being divided by the surface area of the binding surface, and recorded.
The data were analyzed by the Friedman test and the Wilcoxon signed-rank test.
The Wilcoxon test was used to compare the differences in the average of the push-out test results after adhesion of the snow posts with different surface treatments applied to the root canal. In addition, the Friedman multiple comparison test was used to compare push-out values within the group.
Results
The results of push-out tests on Snowposts following various surface procedures differed significantly between the laser-treated and laser-untreated groups (p<0.01) ( Tables 1, 2 Tables 1, 2 ). According these values, the tensile strengths in the groups that received surface treatments alone were in the following order: silane >Al 2 O 3 >HF >Cojet. In the groups that received both laser and surface treatments, the corresponding order was: laser/silane >laser/Al 2 O 3 >laser/HF >laser/Cojet (Tables 1, 2) . According the Wilcoxon test results, there was a positive correlation between the laser-treated groups and the control group (p<0.005) ( Table 3 ).
In samples treated with the laser, opening of the tubular orifices was observed. In addition, partial or complete removal of the smear layer and exposure of the collagen fibers masking the tubular orifice were seen. In some areas, melting carbonization was found. The dentin tubules were obstructed after fusion, while the hydroxyapatite matrix and collagen fibers were preserved (Figure 2 ).
Discussion
Laser treatment has been introduced to generate dentin surfaces appropriate for bonding of adhesive resin cement. Laser application results in the formation of roughened surfaces, potentially increasing the binding strength of adhesive restorations. Studies to date have reported the generation of a superficial smear layer using currently available root canal cleansing methods. In contrast, recent experience suggests that lasers enable the generation of surfaces with macromorphological variation without dentin demineralization and the opening of dentin tubules. Therefore, in this study, we used a 
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laser to generate appropriate binding surfaces in the root canal dentin [19] [20] [21] [22] [23] .
The special PIPS tip used in our study obviates the need for excessive widening of the root canal, which can weaken dental tissue. This property of PIPS tips allows a minimally invasive procedure and protects the dental tissues.
Takeda et al. reported that Er: YAG laser treatment removes the smear layer from both the middle and apical thirds of roots [24] . However, Kivanc et al. indicated that Er: YAG and Nd: YAG lasers had no effect on the debris and smear layers on root canal walls [25] . Inamoto et al. prepared root canals by applying 30 MJ of energy using an Er: YAG laser and observed no smear layer in the root canals, concluding that this method enhanced root canal preparation [26, 27] . Visuril et al. reported good resin binding to dental tissues in laser treated samples, and that application of an Er: YAG laser to dentin yielded greater tensile strength than roughening [28] . Nasher et al. found no smear layer in root canals prepared using an Er: YAG laser, together with opening of dentin tubules and increased tensile strength [29] . Akyüz et al. also reported high tensile strength in samples activated using PIPS laser tips [30, 31] . Following activation of the irrigation solutions by EndoActivator and an Er: YAG laser, removal of tissues and debris from the canal was enhanced [32, 33] . It was seen that the results of the studies were in agreement with the results of our studies.
Our results showed that the Er: YAG group obtained the most efficient smear layer removal, in the end it scored the highest bond strength values compared to the control group (p<0.01). There was a positive correlation between the laser-treated groups and the control group (Table 3) . Although the differences in mean bond strength values were statistically significant, this finding was still surprising. Few studies have examined the effect of PIPS using erbium lasers on FRC after bonding to root canal walls and we found this among tested groups. Laser-activated PIPS showed higher efficiency in increasing push-out bond strength of fiber posts.
We found that removal of the smear layer and opening of dentin tubules was enhanced using the Er: YAG laser. Application of the Er: YAG laser to the root canal dentin significantly increased its tensile strength (p<0.05). Thus, laser treatment resulted in increases in the tensile strength of dentin and the binding strength of Snowposts.
Conclusions
Use of an Er: YAG laser in dental root canal treatment facilitates disinfection, shaping, cleansing, and roughening (affecting bond strength of the root canal) of the canal. Laser application to the root surface increases the bonding strength of surface-treated prefabricated glass-fiber posts. However, few previous studies have assessed the utility of Er: YAG laser treatment of root dentin surfaces, and further research is required.
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